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Localization of phosphoinositide-specific phospholipase C-a in porcine
kidney. The presence of multiple forms of phosphoinositide-specific
phospholipase C (PLC), an important enzyme in the cell signal trans-
duction, suggests that specialized functions of tissues and cells may
require different modes of PLC regulation. In the present study, we
have purified a 54-kDa heparin-binding protein from a 4 M guanidine
hydrochloride extract of porcine kidney, and identified it as one of
isoenzymes of PLC on the basis of its partial amino acid sequence.
Among 194 determined sequences of the porcine protein, 186 residues
were identical with those deduced from nucleotide sequence of the
eDNA encoding rat PLC-a. The subcellular distribution of porcine
renal PLC-a was examined by Western blotting by using a specific
antibody against the purified protein. Quantitation of the Western blots
revealed that 70% of PLC-a was membrane-associated. Immunohisto-
chemical studies showed a specific localization of PLC-a in epithelial
cells of distal tubules and collecting ducts of normal porcine kidney, but
not in other cells composing the nephron. Moreover, the highest
expression of PLC-a was observed in apical membranes in these
epithelial cells. Thus, this form of PLC is considered to have a specific
role in the signal transduction process related to regional renal tubular
Phosphoinositide-specific phospholipase C (PLC) is an en-
zyme that plays a central role in the cell signal transduction [11.
Extracellular signaling molecules such as hormones and growth
factors induce the rapid catabolism of phosphoinositides via a
receptor-mediated process. The receptor occupancy activates
PLC by means of guanine nucleotide-binding proteins (G-
proteins), and activated PLC cleaves phosphoinositides to two
second messengers, diacylglycerol and inositol trisphosphate.
These messengers then evoke a variety of intracellular reac-
tions, by activating protein kinase C and mobilizing internal
pools of calcium.
At least five distinct isoenzymes of PLC (PLC-a, -/3, -y, -8,
and -a),1 which appear to be separate gene products, have been
identified in mammalian cells [1]. Among them, localizations of
PLC-p, -y, and -8 are well characterized in rat brain cells [2, 3].
Isoenzymes of PLC have been called by various names. In the
present paper, we use the terminology proposed by Rhee et all!].
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Bennett et al [4, 5] originally purified PLC-a from guinea pig
uterus, and raised a specific antibody against the protein. By
using the antibody, they have recently isolated a complete
cDNA encoding PLC-a from rat basophilic leukemia cells. The
primary structure of PLC-a is unique in that this isoenzyme
lacks characteristic domain regions found in other three isoen-
zymes (PLC-J3, -', and -8), and has a significant degree of
similarity to thioredoxins, protein-cofactors in thiol-dependent
redox reactions. This suggests that PLC-a has a defined func-
tion in processing the physiological response of cells. However,
PLC-a has not been purified from mammalian organs other than
guinea pig uterus, and its tissue distribution is little known.
Recently, we purified a mature form of 60-kDa heat-shock
protein from a 4 M guanidine hydrochloride extract of porcine
kidney [6]. Since a significant amount of another 54 kDa protein
was present in the extract, we have also purified this protein.
On the basis of its partial amino acid sequence, the purified 54
kDa protein was identified as PLC-a. The present report
describes purification procedures for PLC-a from porcine kid-
ney, its partial amino acid sequence, and its immunohistochem-
ical localization in the kidney.
Methods
Extraction and purification of a 54 kDa protein from porcine
kidney
All purification steps were performed at 4°C unless stated
otherwise. Minced porcine kidneys were treated with acetone
and dried at room temperature. The dried pieces (100 g) were
homogenized with 1,400 ml of buffer A (10 mit Tris-HCI buffer,
pH 7.4, containing 0.15 M NaCI). After centrifugation at 20,000
x g for 15 minutes, the pellet was recovered. This procedure
was repeated three times. The pellet was then homogenized
with 1,000 ml of buffer B (10 mM Tris-HCI buffer, pH 7.4,
containing 4 M guanidine hydrochloride). The supernatant of a
15-minute spin at 20,000 x g was extensively dialyzed against
buffer A. During the dialysis, a large amount of precipitate was
produced in the dialysate. The resulting precipitate was re-
moved by centrifugation at 20,000 x g for 15 minutes. From this
extract, we previously purified a 58-kDa collagen-binding pro-
tein [6]. We also purified another protein with molecular mass
of 54 kDa, which was present in this extract as a major protein.
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rabbit of 1 mg of the purified protein, emulsified in the Freund's
adjuvant. Booster shots were given three times at two-week
intervals. The rabbit was bled 10 days after the last injection.
Gel electrophoresis and Western blotting
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) was performed by the method of Laemmli [8].
After electrophoresis, gels were stained with Coomassie bril-
liant blue R-250. Western blotting was performed by the method
of Towbin, Staehelin and Gordon [9]. For the first antibody,
serum from a rabbit immunized with the porcine renal 54-kDa
protein was used at a dilution of 1:1,000. For the second
antibody, peroxidase-conjugated anti-rabbit IgG (Bio-Rad) was
used at a dilution of 1:1,000.
Quantitative densitometry of SDS-PAGE gels and Western
blots was made by a mode 1650 scanning densitometer (Bio-
Rad) as previously described [10].
Amino acid sequence
Fig. 1. SDS-polyacrylamide gel electrophoresis of a 4 M guanidine
hydrochloride extract of porcine kidney, SDS-polyacrylamide (9%) gel
was stained with Coomassie brilliant blue R-250. Numbers on the left
indicate molecular mass standards (Pharmacia LKB, Uppsala, Sweden)
in kDa. A 4 M guanidine hydrochloride extract, prepared as described in
the text, was analyzed on the gel. The arrowhead denotes a 54 kDa
protein, which is present as a major protein in the extract.
The 4 M guanidine hydrochloride extract (660 ml) was fraction-
ated by 50% saturated ammonium sulfate. After centrifugation
of the sample, the supernatant was dialyzed against buffer C (10
mM Tris-HCI buffer, pH 7.4). The dialyzed sample (1,240 ml)
was then applied to a heparin-Sepharose (Pharmacia LKB,
Uppsala, Sweden) column (1.5 x 5.2 cm) pre-equilibrated with
buffer C. After the column was washed with buffer C, the
column was developed with a linear gradient of 0 to 1 M NaCl in
buffer C. The 54 kDa protein was eluted in fractions at approx-
imately 0.55 to 0.70 M NaCl. The eluent was dialyzed against
buffer D (10 m potassium phosphate buffer, pH 7.0), and was
applied to a hydroxylapatite (Bio-Rad, Richmond, California,
USA) column (1.5 x 5.2 cm) pre-equilibrated with buffer D.
After the column was washed with buffer D, the column was
developed with a linear gradient of 10 mi to 1 M potassium
phosphate buffer, pH 7.0. The 54 kDa protein was eluted in
fractions at approximately 0.40 to 0.46 M. The eluent was
dialyzed against buffer C, and was then applied to a Matrex gel
green A (Amicon, Danvers, Massachusetts, USA) column (1.5
x 5.2 cm) pre-equilibrated with buffer C. After the column was
washed with buffer C, the column was developed with a linear
gradient of 0 to 1 M NaC1. The 54 kDa protein was eluted in
fractions at approximately 0.73 to 0.90 M NaCl in pure form,
and these fractions were pooled. The pooled sample was
dialyzed against distilled water and was lyophilized.
Protein concentrations in the fractions eluted at each chro-
matographic step were measured by the method of Bradford [7].
Antibody production
Polyclonal antibody against the purified 54 kDa protein from
porcine kidney was produced by subcutaneous injection into a
The determination of the NH2-terminal amino acid sequence
of the purified protein was performed with a model 477A protein
sequencer equipped with an on-line 120A PTH analyzer (Ap-
plied Biosystems, Foster City, California, USA). Production
and separation of peptides from the protein, obtained during
two series of purification procedures, were carried out accord-
ing to the method of Kawasaki, Emori and Suzuki [11]. Sepa-
rated polypeptides were also sequenced.
Preparation of cytosolic and membrane-associated fractions
from porcine kidney
A piece of porcine kidney (9 g) was homogenized with 27 ml
of Tris-buffered saline (TBS; 10 mit Tris-buffer, pH 7.4, con-
taining 0.15 M NaCI). After centrifugation at 100,000 x g for 60
minutes at 4°C, the supernatant was stored as a cytosolic
fraction. The resulting pellet was washed with TBS three times,
and was homogenized with 27 ml of TBS containing 1% sodium
deoxycholate. After centrifugation at 100,000 x g for 60 min-
utes at 4°C, the supernatant was stored as a membrane-
associated fraction. These two fractions were then treated with
15 volumes of the SDS-sample buffer of Laemmli [8]. Equal
volumes of each sample (15 d) were prepared for SDS-PAGE
and Western blotting probed with antibody against porcine
renal 54-kDa protein.
Immunohistochemistry
Immunohistochemical studies were performed as previously
described [12]. A piece of fresh porcine kidney was fixed in
formalin and embedded in paraffin, and the embedded specimen
was sectioned at 3 m. Deparaffinized and hydrated sections
were rinsed with phosphate-buffered saline (PBS; 10 m phos-
phate buffer, pH 7.4, 0.15 M NaC1) containing 0.1% Triton X
(PBS-T). We stained the rinsed sections by the indirect avidin-
biotin complex method [131, by using a Vectastain Elite kit
(Vector Laboratories, Burlingame, California, USA). After
blocking both the endogenous peroxidase activity and nonspe-
cific binding of endogenous biotin or biotin-binding proteins,
the sections were incubated with serum from a rabbit immu-
nized with the porcine renal 54-kDa protein or from a normal
rabbit, at a dilution of 1:500. After the sections were rinsed with
B
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Fig. 3. Hydroxylapatite column
chromatography of pooled fraction obtained
from a porcine renal extract by heparin-
Sepharose column chromatography. (A) The
protein elution profiles. Details of the
conditions are described in the text. Each
fraction was 1 ml. Fractions marked by the
bar were pooled. (B) SDS-polyacrylamide
(9%) gel stained with Coomassie brilliant blue
R-250. The lane numbers correspond to the
fraction numbers in A. Numbers on the left
indicate molecular mass standards as in Fig. 1.
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Fig. 2. Heparin-Sepharose column
chromatography of a 4 M guanidine
hydrochloride extract of porcine kidney, (A)
The protein elution profiles. Details of the
conditions are described in the text. Each
fraction was 1 ml. Fractions marked by the
bar were pooled. (B) SDS-polyacrylamide
(9%) gel stained with Coomassie brilliant blue
R-250. The lane numbers correspond to the
fraction numbers in A. Numbers on the left
indicate molecular mass standards as in Fig. 1.
0.6
0.3
0
1.0
0.5
0
0 10 20 30 40 50 60
Fraction number
B94
67
it —C
43
40 42 44 48 48 50 52 54
C0
C
C0
0
z
Fig. 5. Peptide map of purfied 54 kDa
heparin-binding protein from a 4 M guanidine
hydrochloride extract of porcine kidney.
Porcine renal 54 kDa protein was digested
with lysylendopeptidase according to the
method of Kawasaki et a! [11]. Cleavage
products were separated by reverse-phase
HPLC on a C18 column with a 60-minute
1 gradient (0 to 64% acetonitrile in 0.1%
60 trifluoroacetic acid) at a flow rate of 1 mI/mm.
Designated fragments (1—16) were then
sequenced.
porcine kidney [6]. We also attempted to purify another 54 kDa
protein, which was present as a major protein in this extract
(Fig. 1). Since this protein had a high affinity for heparin, the
dialyzed 4 M guanidine hydrochloride extract after ammonium
sulfate fractionation was applied to a small-sized heparin-
Sepharose column. The column was developed with a linear
gradient of 0 to 1 M NaCI, and the concentrated 54 kDa protein
was eluted in fractions at approximately 0.55 to 0.70 M NaCl
(Fig. 2). The 58-kDa protein-rich fractions were further purified
by hydroxylapatite column chromatography (Fig. 3). On the
basis of preliminary results concerning the affinity of the 54 kDa
protein for several kinds of dye-bound gels, Matrex gel green A
was used for a final purification step (Fig. 4). At this step, the 54
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Fig. 4. Matrex gel green A column
chromatography of pooled fraction obtained
from a porcine renal extract by
hydroxylapatite column chromatography. (A)
The protein elution profiles. Details of the
conditions are described in the text. Each
fraction was 1 ml. Fractions marked by the
bar were pooled. (B) SDS-polyacrylamide
(9%) gel stained with Coomassie brilliant blue
R-250. The lane numbers correspond to the
fraction numbers in A. Numbers on the left
indicate molecular mass standards as in Fig. I.
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PBS-T, they were incubated with biotinylated anti-rabbit IgG
(1:1,000 dilution). After washing the sections with PBS-T, they
were then incubated with peroxidase-conjugated avidin (1:50
dilution). After further washing the sections with PBS-T, the
peroxidase reaction was achieved by incubating the sections
with 0.01% hydrogen peroxide and 0.05% 3,3'-diaminobenzi-
dine tetrahydrochloride in 0.1 M Tris-HCI buffer, pH 7.2.
Results
Purification of a 54 kDa protein from a 4 M guanidine
hydrochloride extract of porcine kidney
As previously reported, we purified a 58-kDa collagen-bind-
ing protein from a 4 M guanidine hydrochloride extract from
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Table 1. Summary of determined 194 amino acid sequences of the
porcine renal 54-kDa heparin-binding protein
1. NH2-terminal sequence
SDVLELTDXNFESRISDTGSAGLM (25-48)
V
2. Sequences of 16 digested fragments
1: FVAYTE (219-224)
2: DLIQGK
3: LNFAVASRK
4: YGVSGYP
T
5: RLAPEYEAAATRLK
6: FVMQEEF
7: AASNLRDNYRFAXTNVESLV
8: VVVAENFD
S
9: DASVV
10: DLFSEAXSEFLK
DG
11: MDATANDVPSPYEVK
12: DLLTAYYDV
13: TFSXELSDFGLE
14: ALERFLQDYFDGNLK
E
15: KYEGGRELSDFISYLQREATNPPIIQEEK
N
16: SDVLELTD
Fragments designations correspond to those shown in Figure 5.
Among the 194 determined sequences, 186 residues are identical with
those deduced from nucleotide sequence of the cDNA encoding rat
PLC-a [5]. Numbers in the parentheses indicate the corresponding
residue numbers for rat PLC-a. Different residues of rat PLC-a from
the purified porcine protein are underlined.
kDa protein was separated from other contaminating proteins.
The purified protein was 99% homogenous by quantitative
densitometry of SDS-PAGE gels. The yield of 1.5 mg of the
purified protein was obtained by a series of procedures.
heparin-binding protein
Figure 5 shows a peptide map obtained from the purified
54-kDa heparin-binding protein from porcine kidney. Amino
acid sequence from 16 lysylendopeptidase-digested fragments
and the NH2-terminal region of the protein were determined.
Table 1 summarizes the determined 194 amino acid sequences
of the porcine protein. These sequences were identical with
those deduced from nucleotide sequence of the cDNA encoding
rat PLC-a (calculated Mr 56,559) [5], except for eight residues.
Thus, the porcine renal 54-kDa heparin-binding protein was
identified as PLC-a. The NH2-terminal sequence of the purified
protein indicated that the first 24-amino acid sequence (putative
signal peptide) was absent.
Subcellular distribution of porcine renal PLC-a
Equal volumes of cytosolic and membrane-associated frac-
tions extracted from porcine kidney were loaded onto each lane
of SDS-PAGE gels. The gels were either stained with
Coomassie brilliant blue R-250 (Fig. 6A) or transferred to the
filter paper and probed with anti-porcine renal PLC-a antibody
(Fig. 6B). Among many protein bands in the two fractions, this
antibody reacted specifically with a 54-kDa protein band of
PLC-a in both the cytosolic and membrane-associated fractions
(Fig. 6B, lanes 2 and 3). Quantitation of the intensity of this
immunoreactivity in each fraction by densitometric scanning
demonstrated that 70% of porcine renal PLC-a was membrane-
associated.
Localization of PLC-a in porcine kidney
Immunohistochemical studies by using a specific antibody
against porcine renal PLC-a demonstrated that PLC-a was
localized in epithelial cells of distal tubules and collecting ducts
of normal porcine kidney, but not in other cells composing the
nephron. Furthermore, the highest expression of PLC-a was
observed in apical membranes in these epithelial cells (Figs. 7 to
9).
Discussion
In the present study, we extracted proteins from porcine
kidney by using a buffer containing 4 M guanidine hydrochlo-
ride, and purified a 54-kDa heparin-binding protein. From its
partial amino acid sequence, this protein was identified as
PLC-a. We also produced a specific antibody against the
purified protein. Quantitation of Western blots by using the
antibody revealed that a greater amount of PLC-a was extract-
able in a membrane-associated fraction than in a cytosolic
fraction from porcine kidney. Immunohistochemical studies
demonstrated PLC-a localization in epithelial cells of distal
tubules and collecting ducts in the kidney. Moreover, the
highest expression of PLC-a was found in apical membranes of
these epithelial cells.
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(25—32) Fig. 6. Subcellular distribution of porcine renal PLC-a. (A) SDS-
polyacrylamide (9%) gel stained with Coomassie brilliant blue R-250.
Numbers on the left indicate molecular mass standards as in Fig. 1. (B)
Western blotting probed with rabbit anti-porcine renal PLC-a antibody
and with peroxidase-conjugated anti-rabbit IgG. Lane I. Purified por-
cine renal PLC-a. Lane 2. Cytosolic fraction from porcine kidney. Lane
3. Membrane-associated fraction from porcine kidney. Procedures are
given in the text.
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Fig. 7. Immunohistochemical localization of PLC-a in normal porcine
renal cortex. Porcine renal sections (original magnification, X400)
focusing on the glomerulus (0), proximal tubules (PT), and distal
tubules (DT) were stained by the avidin-biotin complex method as
described in the text. (B) Section incubated with rabbit anti-porcine
renal PLC-a antibody. (A) Control section. A significant immunoreac-
tivity against anti-PLC-a antibody is not observed in glomerular cells
and proximal tubular epithelial cells. On the other hand, an intensive
immunoreactivity is seen in distal tubular epithelial cells, especially in
apical membranes.
There are at least five isoenzymes of PLC, which occupy a
central role in many transmembrane signaling pathways in cells
[1]. Among them, PLC-a has been purified from guinea pig
uterus. Bennett and Crooke [4] purified PLC-a from a cytosolic
fraction by using DEAE-Sepharose, AH-Sepharose, heparin-
Sepharose, Sephacryl S-200, and Affi-Ge1 blue column chroma-
tographies. The yield of purified protein was only 0.06 mg from
400 to 600 g of the uteri. Our purification method therefore
seems to be more efficient for preparation of a considerable
amount of PLC-a from tissues, in order to raise specific
antibodies and to analyze the primary structure of the protein.
It is known that 25% of guinea pig uterine PLC-a is mem-
brane-associated, which requires detergent extraction for com-
plete solubilization [4]. On the other hand, we found that 70% of
porcine renal PLC-a was membrane-associated by quantitative
Western blot analysis. This difference in the subcellular distri-
bution of PLC-a between guinea pig uterus and porcine kidney
Fig. 8. Immunohistochemical localization of PLC-a in normal porcine
renal cortex. Porcine renal sections (original magnification, X400)
focusing on proximal tubules (PT), distal tubules (DT), and cortical
collecting ducts (CCD). (B) Section incubated with rabbit anti-porcine
renal PLC-a antibody. (A) Control section. The immunoreactivity
against anti-PLC-a antibody in cells of proximal and distal tubular
epithelial cells is same as in Fig. 7. In tubular epithelial cells of cortical
collecting ducts, an intensive immunoreactivity against anti-PLC-a
antibody is observed, especially in apical membranes.
may depend on tissue-specific functions related to the signal
transduction. Since we extracted proteins by a buffer containing
4 M guanidine hydrochloride from a well-washed particulate
fraction of porcine kidney, purified PLC-a in our study is highly
likely to be the membrane-associated form. The amino acid
sequence deduced from the cDNA encoding rat PLC-a shows
an additional NH2-terminal 24-amino acid sequence, which is
not present in the cytosolic form of PLC-a. Although Bennett et
al [5] suggested a possibility that this 24-amino acid sequence
may be the membrane-anchoring domain, our sequence results
indicate that this domain is also absent in the probable mem-
brane-associated PLC-a. Several studies also demonstrated
that the other isoenzymes of PLC are present as cytosolic and
membrane-associated forms in cells, and that different amino
acid sequences are not found between the two forms [14]. Thus,
it is considered that PLC-a is first synthesized in cells as a
precursor, and is converted into a mature form by cleavage of
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immunohistochemical observations demonstrated that PLC-a is
localized in epithelial cells of distal tubules and collecting ducts
of normal porcine kidney. In these epithelial cells, the highest
expression of PLC-a in apical membranes was also observed.
Recently, Brunskill et a! [16] reported that localization of
several G-protein subunits along nephron segments is different
between the subunits, and that significant quantities of the
subunits are found in the apical domain of tubular epithelial
cells. Although receptors for a number of hormones are pre-
dominantly located on basolateral membranes, receptors for
some kinds of hormones have recently been described on both
basolateral and apical membranes of renal tubular epithelial
cells [17, 18]. Thus, it is considered that different distributions
of receptors, PLC isoenzymes, and G-proteins may be respon-
sible for renal tubular functions of highly specialized cells
among nephron segments, at both the apical and basolateral
sides. Investigations of renal localizations of the other PLC
isoenzymes would provide further information for an under-
standing of various signal transduction mechanisms in the
nephron.
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antibody. (A) Control section. In tubular epithelial cells of medullary
collecting ducts, an intensive immunoreactivity against anti-PLC-cr
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loops, a significant immunoreactivity is not observed.
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tion of PLC activity by translocation between cytosol and
membrane are still to be elucidated, PLC-a may bind to
proteins already attached to lipid bilayers rather than being
anchored directly to membranes. Numerous studies suggest
that the coupling of receptor function to PLC is mediated by
membrane-bound G-proteins [1]. Indeed, PLC-a can be solubi-
lized as a complex containing G-proteins and vasopressin
receptors from rat liver plasma membranes by using the deter-
gent lysophosphatidylcholine [15].
Among five PLC isoenzymes, PLC-a has a characteristic
primary structure as compared with other isoenzymes [1]. This
suggests that PLC-a together with appropriate membrane re-
ceptors and G-proteins may be involved in the signal transduc-
tion process in some specialized tissues and cells. Bennett et al
[5] detected the expression of mRNA for PLC-a among several
kinds of rat organs including the kidney, by Northern blot
analysis. However, tissue distribution of PLC-a at a protein
level has not been clarified. Individual nephrons can be subdi-
vided into several segments according to their functions. Our
1. RHEE SG, SUH PU, RYu SH, LEE SY: Studies of inositol phospho-
lipid-specific phospholipase C. Science 244:546—550, 1989
2. GERFEN CR, CH0I WC, SUH PG, RHEE SG: Phospholipase C I and
II brain isozymes: Immunohistochemical localization in neuronal
systems in rat brain. Proc Nail Acad Sci USA 85:3208—3212, 1988
3. CHOI WC, GERFEN CR, SUH PG, RHEE SG: Immunohistochemical
localization of a brain isozyme of phospholipase C (PLC III) in
astroglia in rat brain. Brain Res 499:193—197, 1989
4. BENNETT CF. CROOKE ST: Purification and characterization of a
phosphoinositide-specific phospholipase C from guinea pig uterus.
JBiol Chem 262:13789—13797, 1987
5. BENNETT CF, BALCAREK JM, VARRIcHI0 A, CROOKE ST: Molec-
ular cloning and complete amino-acid sequence of form-I phospho-
inositide-specific phospholipase C. Nature 334:268—270, 1988
6. WAKU! H, IToH H, TASHIMA Y, KOBAYASHI R, NAKAMOTO Y,
Miui AB: Purification of a mature form of 60 kDa heat-shock
protein (chaperonin homolog) from porcine kidney and its partial
amino acid sequence. mt J Biochem (in press)
7. BRADFORD MM: A rapid and sensitive method for the quantitation
of microgram quantities of protein utilizing the principle of protein-
dye binding. Anal Biochem 72:248—254, 1976
8. LAEMMLI UK: Cleavage of structural proteins during the assembly
of the head of bacteriophage T4. Nature 227:680—685, 1970
9. TOWBIN H, STAEHELIN T, GORDON J: Electrophoretic transfer of
proteins from polyacrylamide gels to nitrocellulose sheets: Proce-
dures and some applications. Proc Natl Acad Sci USA 76:4350—
4354, 1979
10, ISHINO T, KOBAYASHI R, WAKUI H, FUKUSHIMA Y, NAKAMOTO
Y, MIuRA AB: Biochemical characterization of contractile proteins
of rat cultured mesangial cells. Kidney mt 39:1118—I 124, 1991
11. KAWASAKI H, EMORI T, SUZUKI K: Production and separation of
peptides from proteins stained with Coomassie brilliant blue R-250
after separation by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis. Anal Biochem 191:332—336, 1990
12. KOMAT5UDA A, WAKUI H, IMAI H, NAKAMOTO Y, MWRA AB,
ITOH H, TASHIMA Y: Renal localization of the constitutive 73-kDa
Wakui et at: PLC-a from porcine kidney 895
heat-shock protein in normal and PAN rats. Kidney mt 41:1204—
1212, 1992
13. Hsu SM, RAINE L, FANGER H: Use of avidin-biotin-peroxidase
complex (ABC) in immunoperoxidase techniques: A comparison
between ABC and unlabeled antibody (PAP) procedures. J His-
tochem Cytochem 29:577—580, 1981
14. FAIN JN: Regulation of phosphoinositide-specific phospholipase C.
Biochim Biophys Acta 1053:81—88, 1990
15. AJYAR N, BENNETr CF, NAMBI P, VALINSKI W, ANGIOLI M,
MINNICH M, CROOKE ST: Solubilization of rat liver vasopressin
receptors as a complex with a guanine-nucleotide-binding protein
and phosphoinositide-specific phospholipase C. Biochem J 261:63—
70, 1989
16. BRUNSKILL N, BA5TANI B, HAYES C, MORRISSEY J, KLAHR S:
Localization and polar distribution of several G-protein subunits
along nephron segments. Kidney In! 40:997—1006, 1991
17. DOUGLAS JG: Angiotensin receptor subtypes of the kidney cortex.
Am J Physiol 253:F1—F7, 1987
18. FELDER CC, MCKELVEY AM, GITLER MS, EISNER GM, JOSE PA:
Dopamine receptor subtypes in renal brush border and basolateral
membranes. Kidney mt 36:183—193, 1989
